Shrub encroachment as a result of heavy grazing is assumed to affect species diversity negatively. However, shrubs may be important for animals because they provide shelter and nesting sites. In this study we analyzed the importance of shrubs as habitat structures at 3 spatial scales for yellow mongooses (Cynictis penicillata) in southern Kalahari rangelands. At burrow location we assumed shrubs reduce predation risk for occupants of burrows under shrubs and that shrubs protect burrows from trampling by larger herbivores. To investigate this, at microhabitat scale, we recorded the location of 24 reproductive and 112 sheltering burrows. However, in shrubencroached areas prey availability is low. We surveyed vegetation cover and the spatial distribution of shrubs at mesoscale (1 ha) and compared it to random surveys. Group size and reproductive success were determined for 18 groups and related to shrub cover at territory scale (macroscale, 250 ha). Our results show that yellow mongooses prefer reproductive burrows under large Acacia shrubs if the distance to the next shrub was greater than 10 m. At mesoscale, areas with lower vegetation cover were favored. Shrub encroachment at territory scale (macroscale) affected group size negatively. A range of shrub cover between 15% and 17.5% indicates a critical upper threshold limiting reproduction. For yellow mongooses territory selection represents a trade-off between abundance of suitable shrubs for burrows (protection service) and the proportion of shrub cover at large spatial scales (reduced prey availability).
In structurally poor wildlife habitats (Belsky 1994) , large, widely scattered trees are keystone structures contributing to the maintenance of species diversity (Jeltsch et al. 1998; Milton and Dean 1995; Wichmann et al. 2004 ). In the southern Kalahari, large Acacia erioloba trees are used by birds and small mammals as perching and foraging sites Eccard et al. 2004) , and provide nesting sites for many bird species (e.g., Philetairus socius-Maclean 1973) and refuge and reproductive sites for mammals (e.g., Trachylepsis spilogaster- Huey and Pianka 1977) . Although the importance of large trees to species diversity in arid savannas is widely recognized, the value of shrubs is poorly understood, and often considered to be negative, because highly overstocked and shrub-encroached areas appear to be species-poor (Blaum et al., in press a, in press b; Cingolani et al. 2005; Eccard et al. 2000; Tews et al. 2004b) . From a rangeland perspective, the role of shrubs is generally judged negatively because shrub encroachment reduces grazing capacity and thus the farmer's profit (Hatch et al. 1996; Tainton 1999) . However, single shrubs or shrub patches may have the potential to provide similar functions as large Acacia trees (e.g., as sheltering and nesting sites) for small mammals.
In this study, we investigate the importance of shrubs for the yellow mongoose (Cynictis penicillata), a predominantly diurnal, ground-dwelling, small carnivore of southern Africa. Yellow mongooses live in family groups of 4-13 individuals (Du Toit 1980; Rowe-Rowe 1978; Wenhold 1990 ) and inhabit communal belowground burrows as temporary shelters or for reproduction (Lynch 1980; Wenhold and Rasa 1994) . Although the yellow mongoose is a species of open habitats (Skinner and Chimimba 2005) , it may benefit from protection by shrubs. First, shrub cover may reduce predation risk from large raptors such as bateleur, martial eagle, and tawny eagle (Boshoff and Palmer 1979; Maclean 1993; Steyn 1973 Steyn , 1980 , the primary predators of yellow mongooses (Taylor and Meester 1993) . This is particularly important when nursing the young in front of the burrow (Rasa et al. 1992) . Second, the shade of shrubs is likely to reduce extreme summer temperatures in burrows. Third, in rangeland areas with intensive grazing, livestock trampling disturbs the consistency of the top soil layer (Van Rooyen et al. 1991) and may destroy burrows of small mammals and other taxa. Shrubs act as a barrier to livestock movement and might therefore offer more-secure sites for burrows.
At a microhabitat scale such as that associated with a den, high shrub cover is expected to be positive for yellow mongooses. At larger scales (home ranges or territories), shrub encroachment may have an indirect negative effect. Home ranges vary from 6 to 30 ha in radius from a colony (Zumpt 1976 ) and territories in the southern Kalahari occupy an area of 100-300 ha (Taylor and Meester 1993) . Increasing shrub cover reduces availability of the preferred prey of yellow mongooses (Avenant and Nel 1992; Shepard et al. 1983) , rodents (Blaum et al., in press a; Bowland and Perrin 1989; Hayward et al. 1997 ) and insects (Blaum 2004; Bolger et al. 2000; Seymour and Dean 1999) . Consequently, a high proportion of shrub cover at larger spatial scales is likely to affect yellow mongooses negatively.
The aim of our study was to analyze the conflicting importance of shrubs for yellow mongooses in southern Kalahari rangelands. We investigated possible habitat preferences for burrow sites at 3 spatial scales. At microhabitat scale, we examined vegetation cover for the area that covers burrow exits to assess potential protective function of shrubs against avian predators and from the impact of hoof trampling. At mesoscale, we determined vegetation cover and spatial distribution of shrubs within 1 ha around reproductive burrows, and investigated at territory scale (macroscale, 250 ha) the effect of shrub cover on group size and reproductive success of 18 groups of yellow mongooses.
MATERIALS AND METHODS
Study site.-Yellow mongooses were studied in rangelands south of the Kgalagadi Transfrontier Park in the Northern Cape Province, South Africa. Twenty study sites of 250 ha each were established between Twee Rivieren and Askham along the Nossob River (268359S, 208159E). All study plots were characteristic of Kalahari thornveld (Leistner 1967; Van Rooyen and Van Rooyen 1998) . The mean annual precipitation ranges between 150 and 250 mm. Most precipitation falls from January to April (midsummer to midautumn). Temperature ranges from winter lows of À10.38C to summer highs of up to 45.48C. Each method described below follows the animal care and use guidelines approved by the American Society of Mammalogists (Animal Care and Use Committee 1998) .
Burrow mapping and vegetation survey at microhabitat scale.-Burrows of yellow mongooses were identified by recent tracks (Skinner and Chimimba 2005) . We distinguished between burrows used as temporary shelter and burrows used during reproduction and nursing the young. We mapped vegetation cover for all burrow locations (defined as area that includes all burrow exits). If burrows were sheltered with more than 25% vegetation cover, the dominant vegetation form was classified as grass or shrub. Otherwise, burrow location was classified as ''no vegetation.'' Shrubs were identified to species and height and circumference of canopy cover was recorded.
Reproductive burrows of yellow mongooses were mapped from February to April and November 2001 and February to April 2002 by systematic inspection of each study site. Burrows were preclassified as reproductive burrows if recent footprints of yellow mongooses of different sizes indicated a group with young. Dens were further observed if latrines with fresh droppings suggested frequent utilization. To determine group size and number of young, we observed (10 Â 50 binoculars) the preclassified dens at a distance of 50-100 m for 2 h (beginning 30 min before sunrise) from the crest of the neighboring dune (Wenhold 1990 ). We selected an elevated observation position (dune height of .10 m) to enable an unobstructed view of the yellow mongooses at burrows.
Burrows used as temporary shelter were mapped from February to April in 2001 and 2002. We classified burrows as temporary shelter if recent footprints of yellow mongooses indicated current utilization but no signs of reproduction could be detected. Because of the high abundance of sheltering burrows we selected 4 random subplots (100 Â 100 m) nested within each 250-ha study site. A global positioning system position was generated randomly using the random number generator in MS-Excel 2000 (Microsoft, Redmond, Washington) to identify the center of each plot.
Vegetation surveys at mesoscale.-Within 1 ha (100 Â 100 m) around reproductive burrows, vegetation cover was determined for 4 vegetation categories: annual grass, perennial grass, herbs, and shrubs. Shrubs were identified to species and height and circumference of canopy cover was recorded. Shrub bases separated by less than 0.5 m from the next shrub base were classified as 1 individual. Within each 1-ha plot, herbaceous vegetation was sampled on 3 subplots (5 Â 5 m) with continuous vegetation cover, and on 10 subplots with vegetation cover separated by bare patches (.20 m 2 ). On each subplot, the perimeter of annual and perennial grass tussocks and of herbs was measured with a tape measure at maximum vegetation perimeter and extrapolated to the 1-ha scale. This vegetation survey was conducted soon after the group abandoned the burrow to avoid direct disturbance of yellow mongooses.
Vegetation surveys of reproductive burrows at mesoscale were compared with randomly selected sample plots. For each 250-ha study site, 4 comparison plots (100 Â 100 m) were established at random and mapped from February to April in 2001 and 2002 according to the above-described vegetation survey at mesoscale.
Mapping of shrub cover at macroscale.-At a distance of 250 ha around each reproductive burrow we visually detected shrubs on a 2001 IKONOS satellite image (European Space Imaging, Munich, Germany; spatial resolution: 1 pixel ¼ 1 Â 1 m, panchromatic). Detected shrubs were measured using the Spatial Analyst extension of ArcView 3.2 (Environmental Systems Research, Inc.
[ESRI], Redlands, California) to determine shrub cover. Shrub individuals from random vegetation surveys (1 ha) were used as training areas for detecting remote-sensed shrubs.
Statistical analysis.-Preferences for shrub-versus nonshrub-covered burrow locations were analyzed using a chisquare test. To determine shrub species-specific preferences, 1st a G-test was applied to verify whether the distributions of used shrub species at burrow location differed significantly to their availability in the surrounding hectare (Neu et al. 1974; Zar 1999 ). Second we calculated the selection index w i (Savage 1931) to assess for a shrub specific preference or avoidance at burrow location:
where o i is proportion of used shrub species and p i is proportion of available shrub species We regarded w i as statistically significant within the 95% confidence level. Third, the selection index w i was converted into the standardized selection index B i (Manly et al. 1993) . Index values of (1/ number of shrub species) indicate no preference; higher values indicate a preference and lower values indicate a relative avoidance of a shrub species. B i was calculated according to the following equation:
whereŵ i is selection index. Both index values were calculated using Niche Measure-Resource Selection 2.0 (Krebs 1999) . Differences in the proportion of vegetation cover at reproductive burrows at microhabitat scale compared to randomly selected sites were analyzed by a multivariate analysis of variance (MANOVA). We further calculated nearest-neighbor distances of shrubs for each reproductive burrow microhabitat using ArcView 3.2, Spatial Analyst (ESRI) and tested whether distances between burrows under shrubs to their nearest shrub neighbor differed from distances between random shrubs (unpaired t-test).
RESULTS
Microhabitat preferences.-Yellow mongooses in the southern Kalahari favored burrow locations under the cover of shrubs. Sixty-nine percent of the sheltering burrows (v 2 ¼ 20.28, d.f. ¼ 1, P , 0.001, n ¼ 112) and 75% of the reproductive burrows were located under shrubs (v 2 ¼ 15.21, d.f. ¼ 1, P , 0.001, n ¼ 24). Yellow mongooses only build their burrows under Acacia hebeclada, Acacia mellifera, and Rhigozum trichotomum (Table  1) . Shrub use differed significantly from proportion of shrubs available within the microhabitat (1 ha), for both reproductive (v 2 ¼ 22.36, P , 0.001) and sheltering burrows (v 2 ¼ 62.69, P , 0.001). The standardized selection index B i shows a habitat preference (B i . 0.20) for both sheltering and reproductive burrows under A. hebeclada and A. mellifera shrubs (Table 1) . In contrast, R. trichotomum was avoided compared to its availability (B i , 0.20), and Grewia flava and Lycium spp. were not used at all.
Shrub size also influenced siting of reproductive burrows. Shrubs used were greater than 0.8 m in height, with diameters in excess of 5 m. Shrub diameter was significantly larger ( X ¼ 8.40 m 6 1.01 SE, n ¼ 18) than that of available shrubs ( X ¼ 4.53 6 0.06 m, n ¼ 1,057) within the microhabitat (t ¼ 7.93, d.f. ¼ 1073, P , 0.001, n ¼ 1,075). However, 6 of 24 reproductive burrows were not situated under shrubs at all, and in the following year, 5 of the 6 non-shrub-covered burrows had been destroyed by herbivore trampling, whereas none of the 18 burrows covered by shrubs had collapsed.
Habitat preferences for reproductive burrows at mesoscale.-In addition to the microhabitat requirements of yellow mongooses for reproductive burrow location, the spatial distribution of shrubs within the microhabitat was important when selecting a site. Within a radius of 10 m around all burrows under shrubs we never recorded a neighboring shrub (Fig. 1 ). This shows a preference for open habitat around the burrow, because spatial distances between neighboring shrubs were significantly more often lower than 10 m (t ¼ 2.40, d.f. ¼ 17, P ¼ 0.028; Fig. 1 ). Moreover, proportion of total vegetation cover in burrow microhabitats was significantly lower than in randomly selected plots (Table 2 ). This lower total vegetation cover is because of lower proportions of A. hebeclada, R. trichotomum, herbs, and perennial grass cover (Table 2 ). In contrast, the proportion of A. mellifera cover was significantly higher in reproductive burrow microhabitats (
Group size and number of young at territory scale (macroscale, 250 ha).-On average, we observed 4 adult yellow mongooses per group ( X ¼ 4.06 6 0.37 SE, n ¼ 18) caring for 1-3 young ( X ¼ 1.33 6 0.27 SE, n ¼ 18). Group size decreased with increasing shrub cover (Fig. 2) and number of young produced exhibited a threshold response: Above 15-17.5% shrub cover, no young were observed and group size was low ( X ¼ 2.20 6 0.20, n ¼ 5). In contrast, below this threshold the number of young was 1.85 6 0.26 (n ¼ 13) and group size more than twice as large ( X ¼ 4.77 6 0.34, n ¼ 13). Until the lower end of this threshold, the number of young decreased significantly (R 2 ¼ 0.524, P , 0.05; Fig. 2 ).
DISCUSSION
In our study we analyzed the conflicting importance of shrubs for yellow mongooses in southern Kalahari rangelands at 3 spatial scales: at the burrow location (microhabitat scale), in the surrounding hectare of reproductive burrows (mesoscale), and at the territory scale (macroscale, 250 ha). We found clear preferences for certain shrub structure patterns in the site selection for burrows and a strong influence of shrub cover on group size and reproductive success of the species.
Importance of shrubs at microhabitat scale.-Yellow mongooses preferred the cover of large Acacia shrubs to build their belowground burrows. The importance of shrubs for burrows is a novel finding. Studies on the location of mammalian burrows are rare and usually focus on burrow architecture (Bronner 1992; Hickman 1979 ) and ventilation for maintaining constant microclimatic conditions (Bennett et al. 1988; McNab 1966) . At microhabitat scale, we assume shrubs that cover burrows serve 3 important functions: improvement of microclimate, protection from trampling, and reduction of predation risk.
First, burrows confer a significant thermoregulatory advantage in buffering extreme summer and winter ambient temperature for yellow mongooses (Earlé 1981; Wenhold 1990 ). Clearly, the shade of shrubs reduces high summer temperatures at burrow exits, enabling young to be also outside the burrow. However, inside the burrow the positive effect of shrubs will be lowered due to thermal conductivity of neighboring notshaded soil (White 1997) . A thermal restriction at soil surface also was found to be a factor in determining space use by degus (Octodon degus), which favor shrub-covered areas despite the exclusion of predators (Lagos et al. 1995a) .
Second, sharp thorns of Acacia species effectively deter herbivores from walking over burrows placed under the cover of these shrubs, such that they are protected from trampling. Even though leaves and fruits of shrubs are foraged upon by wild as well as domesticated ungulates (Anderson et al. 1990 ; Bergström 1992), we observed trampling effects only outside of shrubs. Trampling impacts of herbivores on other animal species in arid and semiarid biomes are poorly documented (but see Lovich 1999) . For example, Nicholson and Humphreys (1981) found that trampling of grazing sheep destroys burrows of the desert tortoise (Gopherus agassizii).
Third, predation by raptors can represent a great threat to small mammal reproductive success. For example, young dwarf mongooses (Helogale parvula) suffer heavy predation losses to raptors (Rasa 1989) . However, the young of dwarf mongooses (Rasa 1989) , banded mongooses (Mungos mungo -Rood 1975) , and meerkats (Suricata suricatta- Clutton-Brock et al. 1999) are fed at the burrow for only a short period and must accompany adults foraging at 3-4 weeks of age. In contrast, yellow mongooses are fed at the burrow until approximately 8 weeks of age (Rasa et al. 1992) . Therefore, to be nursed in the shelter of their thorny sentinels is important for this species. After this intensive lengthy nursing, the young are large enough to exceed the usual prey size of many medium-sized raptors and also have greater agility to avoid aerial attacks (Rasa et al. 1992) . The use of dense shrub vegetation for protection also was shown for degus, which increase their use of open spaces when predators were experimentally excluded (Lagos et al. 1995b) .
Interestingly, yellow mongooses selected shrubs for reproductive burrows at a characteristic spatial pattern of neighboring shrubs: they only used shrubs with a minimum distance of 10 m to any neighboring shrub. We assume this open area allows for easier detection of terrestrial nest predators (e.g., cape cobra [Naja nivea]- Rasa et al. 1992) Kok and Nel 2004; Melville et al. 2004) .
Remarkably, although the proportion of R. trichotomum shrubs was approximately 80% of total cover, this shrub species was only used infrequently as burrow locations. A likely explanation for avoidance of Rhigozum is the spatial pattern and density of this shrub species. Rhigozum, the main shrub encroacher in the study area (Van Rooyen and Van Rooyen 1998) , forms large patches. Therefore, potential reproductive burrow sites, that is, solitary shrubs with an open surrounding of more than 10 m, become rare.
Importance of shrubs at meso-and macroscale.-Even though yellow mongooses strongly depend on shrubs as habitat structures for safe reproductive and sheltering burrows, increasing shrub cover at larger spatial scales affected this carnivore species negatively. At mesoscale, yellow mongooses selected areas for reproductive burrows with significantly lower vegetation cover, particularly of Rhigozum shrubs, compared to random areas (Table 2) , which corresponds to their general preference for open habitats (Skinner and Chimimba 2005) . Increasing shrub cover reduces prey availability of yellow mongooses, such as most insect species (Blaum 2004; Bolger et al. 2000; Seymour and Dean 1999) and rodents (Blaum et al., in press a; Bowland and Perrin 1989; Hayward et al. 1997) , which are the preferred prey used to feed young at the burrow (Rasa et al. 1992) . Indeed, our results show a significant decrease in group size and number of young with increasing shrub cover at territory scale (macroscale; Fig. 2 ). High shrub cover resulted in a threshold response for the number of young. At shrub densities above the threshold, successful reproduction in the rangeland area was not observed. Below the threshold, mean litter size was 1.85, which corresponds to the value of 1.9 young for the neighboring Kgalagadi Transfrontier Park (Rasa et al. 1992) , which is grazed by endemic wildlife. For the southern Kalahari Desert, habitat conditions in the Transfrontier Park can be regarded as a natural baseline for the reproductive success of yellow mongooses. This suggests that moderate grazing of domestic livestock that leads to shrub cover below 15% has no or only minor negative impact on the reproductive success of yellow mongooses. However, our results show that shrub encroachment, a consequence of heavy grazing intensity, reduces group size and reproductive success, which might constitute a threat to yellow mongooses.
Conclusions.-Our results demonstrated that group size and reproductive success of yellow mongooses is negatively affected by area-wide shrub encroachment. This implies that long-term heavy grazing not only reduces grazing capacity (Jeltsch et al. 1997) , but may threaten the occurrence of this small mammalian predator. However, we found an ambivalent importance of shrubs to yellow mongoose. We conclude that territory selection among yellow mongooses is a trade-off between the abundance of suitable shrubs for reproductive burrows (protection service) at small scales and the proportion of shrub cover at large spatial scales (which reduces prey availability and perhaps detection of terrestrial predators).
However, few studies have demonstrated that shrubs provide crucial functions for species and offer important services for sustaining species diversity in arid and semiarid ecosystems (Parmenter and Macmahon 1983; Tews et al. 2004a; Thompson 1982) . Such an assessment should be considered before initiating shrub removal programs aimed at increasing grazing capacity. 
